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Background: The primary objective of this research was to assess the relationship between FPs’ knowledge of
palliative radiotherapy (RT) and referral for palliative RT.
Methods: 1001 surveys were sent to FPs who work in urban, suburban, and rural practices. Respondents were
tested on their knowledge of palliative radiotherapy effectiveness and asked to report their self-assessed
knowledge.
Results: The response rate was 33%. FPs mean score testing their knowledge of palliative radiotherapy
effectiveness was 68% (SD= 26%). The majority of FPs correctly identified that painful bone metastases (91%),
airway obstruction (77%), painful local disease (85%), brain metastases (76%) and spinal cord compression (79%) can
be effectively treated with RT, though few were aware that hemoptysis (42%) and hematuria (31%) can be
effectively treated. There was a linear relationship between increasing involvement in palliative care and both
self-assessed (p < 0.001) and tested (p = 0.02) knowledge. FPs had higher mean knowledge scores if they received
post-MD training in palliative care (12% higher; p < 0.001) or radiotherapy (15% higher; p = 0.002). There was a
strong relationship between FPs referral for palliative radiotherapy and both self-assessed knowledge (p < 0.001) and
tested knowledge (p = 0.01).
Conclusions: Self-assessed and tested knowledge of palliative RT is positively associated with referral for palliative
RT. Since palliative RT is underutilized, further research is needed to assess whether family physician educational
interventions improve palliative RT referrals. The current study suggests that studies could target family physicians
already in practice, with educational interventions focusing on hemostatic and other less commonly known
indications for palliative RT.
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Radiotherapy (RT) is an effective palliative treatment in
many scenarios faced by patients with metastatic cancer,
including pain from local or metastatic disease, bleeding,
airway obstruction, brain metastases, superior vena cava
obstruction, and spinal cord compression [1-5]. RT in* Correspondence: rolson2@bccancer.bc.ca
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reproduction in any medium, provided the orthese scenarios can improve quality of life, and in some
circumstances improve survival outcomes [4,6,7]. How-
ever, palliative RT is often underutilized, potentially be-
cause of a lack of knowledge of the indications for it.
Family physicians (FPs) are the primary caregivers of
patients with metastatic cancer in many jurisdictions, in-
cluding most of Canada, and are therefore the physicians
in the best position to identify patients who may benefit
from palliative RT and initiate a referral [8,9]. Previous
research has shown that FP knowledge about the indica-
tions for palliative radiotherapy is limited and variedtd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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in radiation oncology education is limited [13]. Research
has also shown that RT is underutilized in many areas,
and is most pronounced in areas remote from a cancer
centre [8,13-15]. A relationship between underutilization
of palliative radiotherapy and limited exposure to radi-
ation oncology has been suggested; however, the em-
phasis in the literature has been on medical school
exposure, with relatively limited research assessing post-
MD exposure to radiation oncology or palliative care
[11-13].
British Columbia (BC) is the third largest province in
Canada with an area of 950,000 km2, and a population
of 4.4 million. In 2010, there were over 21,000 new cases
of cancer in British Columbia, and it is estimated that
60% of cancer diagnoses will ultimately meet indications
for palliative RT [16,17]. There is a split between urban
areas (with census areas of > 100,000 population) in the
southwest and a mixture of suburban communities (with
census areas of 10,000 to 100,000 population) and re-
mote rural areas (census areas < 10,000 population) as
described elsewhere [14]. The BC Cancer Agency
(BCCA) is the sole provider of RT in BC, which is uni-
versally publicly funded, and delivered through one of
five cancer centres, all of which are currently situated in
southern urban centres (Vancouver, Victoria, Surrey,
Kelowna, and Abbotsford).
The primary purpose of this research was to assess the
relationships between FPs’ referral for palliative RT,
knowledge of indications for palliative RT, and prior
training in palliative care and radiotherapy. We
hypothesize that knowledge of indications for radiother-
apy is positively correlated with referral for radiotherapy
and prior training. Secondary objectives were to assess
the relationships between respondent characteristics
tested knowledge of RT indications, and self-assessed
knowledge of RT indications.
Methods and materials
A survey previously described in the literature was
adapted for BC physicians, after permission from the au-
thor, and mailed to all FPs from Northern BC and a ran-
dom sample from greater Vancouver [11]. Respondents
were provided with a stamped return envelope. The
adapted survey is attached as an additional file 1. The
primary purpose of distributing the adapted survey
was to compare referral rates for radiotherapy from
Northern BC FPs (rural) versus Greater Vancouver FPs
(urban), since previous research by the group suggested
referral rates are lower from rural BC [9]. The rural ver-
sus urban comparison has been presented elsewhere
[15]. The survey also assessed FPs knowledge of
radiotherapy indications, and previous training, which
forms the basis of this analysis, which is to assess therelationships between knowledge of radiotherapy indica-
tions, referral for radiotherapy, and previous training.
The emphasis is not on urban versus rural family physi-
cians, though the inclusion of both potentially improves
the generalizability.
A “tested knowledge score” is used for analysis, and is
simply the count of number of correct answers from the
seven questions asking FPs to rate the effectives of
radiotherapy in several scenarios: “don’t know” or “not
effective” were considered incorrect answers for each
scenario, while either “somewhat effective” or “very ef-
fective” were considered equally correct answers. The
maximum possible score was thus 7/7, and scores are
presented as percentages. Respondents were also asked
to rate their self-assessed knowledge of radiotherapy
indications (1 = very little knowledge; 2-4 = somewhat,
moderately, and extremely knowledgeable, respectively),
which was summated to create a composite self-assessed
knowledge score, with a maximum possible score of 12/
12, which was converted to a percentage for figure
creation.
FPs were identified through the college of physicians
and surgeons of BC mailing list. Surveys were sent to all
FPs in Northern BC (n = 351), which is predominantly
rural and suburban, as well as a random sample of 650
FPs in greater Vancouver, which is predominantly urban
and metropolitan (random sampling by Microsoft Excel.
2010). Surveys were re-sent one month later.
The total sample size was calculated for the primary
purpose of the survey mail-out, and described above
[15]. Of the fifty-four hundred FPs in BC, 351 practice
in the Northern Health Authority and 1683 practice in
the Vancouver Coastal Health Authority. Estimated sam-
ple sizes of 175 FPs in the North and 325 urban FPs en-
sure 90% power to detect a difference in proportion of
individuals who refer for palliative radiotherapy at the
5% significance level, using estimated proportions of
40% and 55% for rural and urban physicians, respectively
[18]. The test statistic used was a 2-sided normal ap-
proximation with pooled variance. Assuming a 50% sur-
vey response rate, a total of 1001 surveys were sent to
FPs practising in British Columbia; 351 to northern FPs
and 650 to urban FPs. 101 surveys were returned un-
opened because the respondents moved or retired, and
were not included in the denominator calculating the re-
sponse rate. Respondents who did not practice family
medicine or where at least 80% of their practice was
spent with either obstetrical or pediatric patients were
asked not to complete the survey, and were excluded, as
the primary purpose of the survey mail-out was to assess
referral rates [15].
Descriptive statistics were used to present the know-
ledge scores. The correlation between the composite
self-assessed knowledge score and the tested knowledge
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ficient. The relationship between mean knowledge scores
and binary categorical variables were assessed with t-
tests. Assessment for a linear relationship between
knowledge scores and ordinal variables were assessed
through ANOVA and eta squared. Multivariable analyses
assessing the relationship between knowledge and self-
reported referral for RT was performed using linear re-
gression. All analyses were completed using SPSS Statis-
tics GradPack 17.0 (Chicago, IL, USA).




There was a 33% overall response rate (n = 298); 55
respondents were excluded because they did not practice
family medicine or at least 80% of their practice was
spent with either obstetrical or pediatric patients, and as
per survey instructions, they did not complete the ques-
tions. The median years in family practice was 21 (range
0 – 52). Table 1 summarizes the remainder of the re-
spondent characteristics.
Self-assessed and tested knowledge of palliative
radiotherapy
Figure 1 displays FPs opinions on the effectiveness of
radiotherapy, and is the basis for the “tested knowledge
score” as described above (percentage of correct
answers, with “somewhat” or “very” effective considered
equally correct). Respondents’ mean test score assessing
their knowledge of palliative radiotherapy indications
was 68% (SD= 26). The majority of FPs correctly identi-
fied that painful bone metastases (91%), airway obstruc-
tion (77%), painful local disease (85%), brain metastases
(76%) and spinal cord compression (79%) can be effect-
ively treated with RT, though few FPs were aware that
hemoptysis (42%) and hematuria (31%) can be effectivelyTable 1 Selected respondent characteristics
Characteristic
Involved in palliative management of patients
Family practice in rural or suburban areas
Aware of BCCA radiotherapy program
Have ever referred a patient for radiotherapy
Medical school training in
Post-MD training intreated with RT (Figure 1). Table 2 presents respondents’
self-assessed knowledge of palliative radiotherapy (sec-
ond column) and forms the basis for a simple composite
score of self-assessed knowledge (1–4 points for “very
little”, “somewhat”, “moderately”, and “extremely”
knowledgeable, respectively; summated to a maximum
possible score of 12. Table 2 also demonstrates there is a
highly significant linear relationship between self-
assessed knowledge of RT and tested knowledge of pal-
liative radiotherapy indications.
Relationship between knowledge and referral for
palliative radiotherapy
FPs who have ever referred for palliative radiotherapy have
higher mean self-assessed knowledge scores (6.8 vs. 5.8 out
of 12; p < 0.001; Figure 2). Likewise, FPs who have ever re-
ferred for palliative RT have higher mean tested knowledge
scores (72% vs. 62%; p= 0.01; Figure 2). After controlling
for geography of practice (rural/suburban Northern BC
versus urban/metropolitan Greater Vancouver) and years
of practice, both higher self-assessed knowledge score
(odds ratio [OR] = 1.28 per unit increase; 95% confi-
dence interval [CI] = 1.11 – 1.47; p = 0.001) and higher
tested knowledge scores (OR= 1.01 per percentage in-
crease; 95% CI = 1.00 – 1.02; p = 0.03) were positively
associated with having ever referred for palliative RT.
Relationship between knowledge and respondent
characteristics
The mean number of years in FP was weakly positively
correlated with the mean tested knowledge of palliative
radiotherapy score (r = 0.16; p = 0.02). There was no sig-
nificant relationship between geography of residence
(urban/metropolitan Greater Vancouver vs. rural/subur-
ban Northern BC) and mean self-assessed knowledge
scores (6.4 vs. 6.4 out of 12; p = 0.95) or mean tested
knowledge of palliative radiotherapy scores (67% vs.












Figure 1 Family physicians’ rating of effectives of radiotherapy in numerous scenarios.
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tested knowledge scores (Table 3), as well as self-
assessed knowledge scores (p < 0.001). As a general
trend, additional training in palliative care or radiother-
apy is associated with higher mean knowledge scores
(Figure 3). There were no significant relationships found
between FPs knowledge and medical school training in
palliative care or radiotherapy (Figure 3). Likewise, there
were no statistically significant relationships between
mean tested knowledge scores and additional training in
the post-MD setting (Figure 3). Respondents had signifi-
cantly better self-assessed knowledge scores if they
reported post-MD training in palliative care (7.5 vs. 6.0Table 2 Self-assessed knowledge of palliative radiotherapy an
radiotherapy
Self-perceived knowledge of: Percentage of responde








Side effects of RT Very little 12%
Somewhat 50%
Moderately 37%
Extremely 1%out of 12; p < 0.001) or radiotherapy (8.1 vs. 6.3 out of
12; p = 0.002).
Discussion
This survey of FPs from rural, suburban, and urban BC
demonstrates that their tested knowledge of palliative
radiotherapy indications is correlated with their self-
assessed knowledge of palliative radiotherapy. It also
demonstrated that FPs undervalue the role of palliative
RT beyond the obvious circumstance of painful bone
metastases, mirroring the knowledge gap found in US
palliative care physicians[19]. Scores on tests of indica-
tions for palliative RT, and self-assessed knowledge ofd correlation with tested knowledge of palliative













Figure 2 Relationship between family physicians’ mean knowledge scores and self-reported referral for palliative radiotherapy (RT).
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radiotherapy or palliative care. Furthermore, knowledge
(both self-assessed and tested) of palliative radiotherapy
is highly correlated with referral for RT. Though the
retrospective nature of this study cannot assess causality,
these results support further research assessing whether
improved FP education in palliative RT will increase
utilization of this treatment, with a potential to improve
the quality of life of patients with metastatic cancer.
There are several potential explanations for the rela-
tionship seen between knowledge of palliative RT and re-
ferral for RT. The most plausible explanation is that
formal education in palliative RT indications results in
improved knowledge of indications for palliative RT, and
in turn results in increased referral for RT. Second, the
causality may be reversed; FPs who have encountered
patients with metastatic cancer and referred for palliative
RT have improved knowledge of RT indications as re-
sult, potentially through reading motivated by the pa-
tient encounter or education received from radiation
oncologist consultation letters. Third, there may not be
a causal relationship between knowledge and referral for
RT, but rather both knowledge and referral may be cor-
related to an unmeasured factor, such as patient volume.
Likely, the relationship identified in this study is a com-
bination of all of these explanations, though the nature
of this study design does not allow for assessment of
causality.
Given the relationship seen between FP knowledge of
palliative RT and referral for palliative RT in both this
and other studies, future research should assess whetherTable 3 Relationship between tested knowledge of palliative
patients




Often 71%educational interventions aimed at FPs improve referral
and utilization of palliative RT. Given the high scores on
the analgesic compared to haemostatic properties of RT
observed, it would potentially be more beneficial to
focus on improvement in education of less well known
palliative RT indications such as bleeding, rather than
commonly known indications such as painful bone me-
tastases. However, given that the response rate to our
survey is only 33%, we are unable to assess the know-
ledge of the remaining 67% of physicians, whose know-
ledge may have an impact on the overall rate of referral
for palliative RT. Certainly, education on common indi-
cations for palliative RT is important and necessary, and
therefore should not be omitted [13]. Furthermore, these
results suggest that FPs in practice, rather than medical
students, may be the more appropriate target audience
for future studies.
There are several potential methods to improve educa-
tion and potentially the utilization of palliative RT. Con-
ventional methods aimed at medical students or FPs
through continuing medical education sessions, whether
virtual or in-person have been assessed in multiple med-
ical fields [13]. Several authors have reported on educa-
tion of medical students, showing short term
improvements in knowledge, with limited evidence to
date that this will translate into long term practice
changes for those who choose FP [20-23]. Dennis and
Duncan have recommended that educational interven-
tions for medical students should focus on general
knowledge that is applicable to future FPs, rather than
detailed information more relevant to oncologists [13].radiotherapy and involvement in palliative care of
wledge scores P value for linear association
0.02
Figure 3 Mean knowledge scores of family physicians depending on whether or not the received additional training in palliative care
or radiotherapy during medical school or post-MD as a practicing physician.
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propriate referral to specialists have also been developed.
For example, in BC a “shared care” initiative is currently
under investigation where both FP and specialists are
compensated for telephone advice on the appropriate
management and referral of patients [24,25].
The results of this research should be considered in the
context of its strengths and limitations. The reasonable
response rate and equal proportions of FPs from rural/
suburban versus urban/metropolitan areas improves the
generalizability of the results. Given the BCCA was the
sole provider of RT, in a jurisdiction with universally
publicly funded health care and salaried radiation oncol-
ogists, referrals are not influenced by competition be-
tween RT providers or compensation of FPs or radiation
oncologists. The assessment of knowledge of palliative
RT indications is limited by the fact that the investigators
interpreted respondents’ answer of “somewhat” or “very
effective” as a respondent’s belief that RT was indicated
in that scenario, since indication for RT was not directly
asked. Also, the nature of the survey study design limits
several interpretations of the results. First, causality
between knowledge and referral for palliative RT cannot
be assessed. Second, survey research is prone to response
bias, where respondents with certain characteristics
(such as interest in oncology) may be more likely to
return surveys, and thereby result in higher mean tested
and self-assessed knowledge scores than may exist in the
true population [26]. Third, recall bias is common in sur-
vey research, and for this study theoretically could result
in an under-reporting of previous referral for RT [27].
However, many of these limitations are common to all
survey research, and the effort placed to sample FPs fromrural through metropolitan practices broadens the
generalizability in comparison to most survey research
which focuses on academic physicians.
Conclusion
Family physician self-assessed and tested knowledge of
palliative radiotherapy and its indications is positively
associated with increased referral for palliative radiother-
apy. Since palliative radiotherapy is underutilized, further
research is needed to assess whether family physician
educational interventions improve palliative radiotherapy
referrals. The current study suggests that education
regarding less common palliative radiotherapy indica-
tions to family physicians already in practice is a reason-
able place to start this research.
Additional file
Additional file 1: Survey Questions asked of Family Physicians.
Competing interests
The author(s) declare that they have no competing interests.
Authors’ contributions
All authors were involved in the study design and implementation
methodology. RO conceived of and led the analysis, and drafted the
manuscript. CM provided statistical support. All authors read, provided
intellectual editing, and approved the manuscript.
Authors’ information
RO and ST are both clinician scientist radiation oncologists at the BC Cancer
Agency. CM is the biostatistical lead of the cancer surveillance & outcomes
division of the BC Cancer Agency. JF is the director of clinical operations for
the radiotherapy program at the BC Cancer Agency. JS and SL are radiation
therapists at the Vancouver Cancer Centre.
Olson et al. Radiation Oncology 2012, 7:73 Page 7 of 7
http://www.ro-journal.com/content/7/1/73Acknowledgements
This study was funded by a grant from the American Society of Radiologic
Technologists (ASRT) Education and Research Foundation. S. Tyldesley is a
recipient of a Career Investigator Award from the Michael Smith Foundation
for Health Research. R. Olson is supported by the UBC Northern Medical
Program for his academic time. We thank the province’s family physicians for
their participation in the care of patients, and participation in this study.
Author details
1Department of Radiation Therapy, BC Cancer Agency, Vancouver Centre,
Vancouver, Canada. 2Department of Radiation Therapy, BC Cancer Agency,
Centre for the North, Prince George, Canada. 3Department of Surgery,
Division of Radiation Oncology and Developmental Radiotherapeutics,
University of British Columbia, Vancouver, Canada.
Received: 28 February 2012 Accepted: 29 April 2012
Published: 18 May 2012
References
1. Lutz S, Berk L, Chang E, Chow E, Hahn C, Hoskin P, Howell D, Konski A,
Kachnic L, Lo S, Sahgal A, Silverman L, von Gunten C, Mendel E, Vassil A,
Bruner DW, Hartsell W: American Society for Radiation Oncology (ASTRO):
Palliative radiotherapy for bone metastases: an ASTRO evidence-based
guideline. Int J Radiat Oncol Biol Phys 2011, 79:965–976.
2. Rodrigues G, Macbeth F, Burmeister B, Kelly KL, Bezjak A, Langer C, Hahn C,
Movsas B: Consensus Statement on Palliative Lung Radiotherapy: Third
International Consensus Workshop on Palliative Radiotherapy and
Symptom Control. Clin Lung Cancer 2012, 13(1):1–5.
3. van Lonkhuijzen L, Thomas G: Palliative radiotherapy for cervical
carcinoma, a systematic review. Radiother Oncol 2011, 98:287–291.
4. Andrews DW, Scott CB, Sperduto PW, Flanders AE, Gaspar LE, Schell MC,
Werner-Wasik M, Demas W, Ryu J, Bahary J, Souhami L, Rotman M, Mehta
MP, Curran J, Walter J: Whole brain radiation therapy with or without
stereotactic radiosurgery boost for patients with one to three brain
metastases: phase III results of the RTOG 9508 randomised trial. Lancet
2004, 363:1665–1665.
5. Lutz ST, Chow EL, Hartsell WF, Konski AA: A review of hypofractionated
palliative radiotherapy. Cancer 2007, 109:1462–1470.
6. Bezjak A, Adam J, Barton R, Panzarella T, Laperriere N, Wong CS, Mason W,
Buckley C, Levin W, McLean M, Wu JS, Sia M, Kirkbride P: Symptom
response after palliative radiotherapy for patients with brain metastases.
Eur J Cancer 2002, 38:487–496.
7. Fairchild A, Harris K, Barnes E, Wong R, Lutz S, Bezjak A, Cheung P, Chow
E: Palliative thoracic radiotherapy for lung cancer: a systematic review.
J Clin Oncol 2008, 26:4001–4011.
8. Dworkind M, Shvartzman P, Adler P, Franco E: Urban family physicians and
the care of cancer patients. Can Fam Physician 1994, 40:47–50.
9. French J, McGahan C, Duncan G, Chu C, Soo J, Lengoc S: Inequities in
Access: How Utilization of Palliative Radiation Therapy in British
Columbia Varies with Geography. JMIRS 2008, 39:75–80.
10. Barton MB, Bell P, Sabesan S, Koczwara B: What should doctors know
about cancer? Undergraduate medical education from a societal
perspective. Lancet Oncol 2006, 7:596–601.
11. Samant RS, Fitzgibbon E, Meng J, Graham ID: Family physicians'
perspectives regarding palliative radiotherapy. Radiother Oncol 2006,
78:101–106.
12. Vulto A, van Bommel M, Poortmans P, Lybeert M, Louwman M, Baart
R, Coebergh JW: General practitioners and referral for palliative
radiotherapy: a population-based survey. Radiother Oncol 2009,
91:267–270.
13. Dennis KE, Duncan G: Radiation oncology in undergraduate medical
education: a literature review. Int J Radiat Oncol Biol Phys 2010,
76:649–655.
14. Olson RA, Nichol A, Caron NR, Olivotto IA, Speers C, Chia S, Davidson A,
Coldman A, Bajdik C, Tyldesley S: Effect of Community Population Size on
Breast Cancer Screening, Stage Distribution, Treatment Use and
Outcomes. Can J Pub Health 2012 Jan-Feb, 103(1):46-52
15. Lengoc S, Soo J, McGahan C, French J, Tyldesley S, Olson R: Referral
Patterns of Patients for Palliative Radiation Therapy in British Columbia:
A Comparison Between Rural and Urban Family Physicians. Journal of
Medical Imaging and Radiation Sciences 2012, 43:161–7.16. Halperin EC, Brady LW, Wazer DE, Freeman C: Perez and Brady's Principles
and practice of radiation oncology. Philadelphia: Wolters Kluwer Health/
Lippincott Williams & Wilkins, c2008; 2008.
17. Canadian Cancer Society: British Columbia and Yukon Cancer Statistics 2011;
2011:1.
18. Taylor BV, Buckner JC, Cascino TL, O'Fallon JR, Schaefer PL, Dinapoli RP,
Schomberg P: Effects of radiation and chemotherapy on cognitive
function in patients with high-grade glioma. J Clin Oncol 1998,
16:2195–2201.
19. Lutz S, Spence C, Chow E, Janjan N, Connor S: Survey on Use of
Palliative Radiotherapy in Hospice Care. Journal of Clinical Oncology
2004, 22:3581–3586.
20. Hirsch AE, Mulleady Bishop P, Dad L, Singh D, Slanetz PJ: An increase in
medical student knowledge of radiation oncology: a pre-post
examination analysis of the oncology education initiative. Int J Radiat
Oncol Biol Phys 2009, 73:1003–8. quiz 1008.e1-1008.e2.
21. Mehta MP, Sinha P, Kanwar K, Inman A, Albanese M, Fahl W: Evaluation of
Internet-based oncologic teaching for medical students. J Cancer Educ
1998, 13:197–202.
22. Zumwalt AC, Marks L, Halperin EC: Integrating gross anatomy into a
clinical oncology curriculum: the oncoanatomy course at Duke
University School of Medicine. Acad Med 2007, 82:469–474.
23. Hansen JT, Rubin P: Clinical anatomy in the oncology patient: A
preclinical elective that reinforces cross-sectional anatomy using
examples of cancer spread patterns. Clinical Anatomy 1998, 11:95–99.
24. Hampson J, Roberts R, Morgan D: Shared care: a review of the literature.
Fam Pract 1996, 13:264–279.
25. Barber C: Shared Care brings specialists and family doctors closer for
better patient care. BCMJ 2011, 53:15.
26. Sheikh K, Mattingly S: Investigating non-response bias in mail surveys.
J Epidemiol Community Health 1981, 35:293–296.
27. Coughlin S: Recall bias in epidemiologic studies. J Clin Epidemiol 1990,
43:87.
doi:10.1186/1748-717X-7-73
Cite this article as: Olson et al.: Relationships between family physicians’
referral for palliative radiotherapy, knowledge of indications for
radiotherapy, and prior training: a survey of rural and urban family
physicians. Radiation Oncology 2012 7:73.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
